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in the pathogenesis of osteoarthritis (OA). In our previous study,
we demonstrated that oxidative stress induced the features of
chondrocyte senescence during the progression of OA.
Fullerene (C60) is spherical carbon molecules with a unique
cage structure. C60 is characterized as a strong radical sponge.
Recent report revealed that this compound has a high reactivity
with oxygen free radicals and their potential activity as free
radical scavengers. It has been demonstrated that C60 inhibits
neuronal apoptosis by scavenging oxygen reactive species. Also,
it has been demonstrated that C60 protects against human skin
keratinocytes from cell death after UV stress.
As above mentioned, there is evidence for oxidative damage by
reactive oxygen speaceis in OA cartilage. It is well known that ox-
idative stress (oxygen homeostasis and its down-regulation) are
closely involved in the pathogenesis of OA. Exploitation of C60
molecule could lead to the definition of new therapeutic strate-
gies in the prevention of both chondrocyte aging and cartilage
degeneration.
To prevent the degeneration of articular cartilage in OA, we
focused on C60, which acts a strong free radical scavenger, as
an anti-oxidative agent. We studied whether or not water-soluble
fullerene has a potential as a protective agent against catabolic
stress-induced degeneration of articular cartilage both in vitro
and in vivo.
Methods: i) In the presence or absence of water soluble C60
(50, 100 μM), human chondrocytes were incubated with IL-1 β
(10 ng/ml) or H2O2 (100 μM). After the incubation period, chon-
drocyte activity ((MMP-1, -3, -13 production, type II collagen and
aggrecan production, cellular apoptosis, cellular senescence)
was analyzed.
ii) OA rabbit model was produced by resection of both the anterior
cruciate ligament and the medial collateral ligament. 32 rabbits
(New Zealand White rabbits) were divided into 4 subgroups; 0.1
μM C60-treated group, 1.0 μM C60-treated group, 10.0 μM C60-
treated group, and 40.0 μM C60-treated group. In each rabbit
after surgical treatment, the left knee joint was treated by an
intra-articular injection of appropriate water-soluble C60 (2.0 ml)
once a week over 4 or 8 weeks. The right knee joint was also
treated by an intra-articular injection of 50% polyethyleneglycol
(2.0 ml) as a control once a week over 4 or 8 weeks. The rabbits
were euthanized 4 and 8 weeks after surgery and both knee
joints were harvested. Bone and cartilage tissue blocked were
prepared for histological analysis.
Results: C60 (50, 100 μM) inhibited the catabolic stress-induced
production of matrix degrading enzymes (MMP-1,-3, -13), apop-
tosis and premature senescence of chondrocytes in vitro. In
OA rabbit model, treatment with water-soluble C60 significantly
reduced the degeneration of articular cartilage, whereas the con-
trol knee joints showed the progression of cartilage degeneration
with time. We also observed the inhibitory effect of C60 on the
cartilage degeneration in a dose dependent manner in OA rabbit
model.
Conclusions: We confirmed that C60 inhibited the catabolic
stress-induced production of matrix degrading enzymes, down-
regulated production of matrix proteins, cellular senescence and
apoptosis in cultured chondrocytes in vitro. Also, our in vivo
study with OA rat model indicate that C60 fullerene may be a
therapeutic agent to protect the articular cartilage with advance
of cartilage degeneration in OA.
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Purpose: Dynamic joint loading is an important factor in the
pathophysiology of osteoarthritis (OA) of the knee, and the preva-
lence and progression of knee OA are known to be associated
with high dynamic loading (i.e. peak external knee adduction
moment). We have previously demonstrated that in subjects
with knee OA, walking barefoot significantly decreases the peak
external knee adduction moment compared to walking with stan-
dard walking shoes (Arthritis Rheum, in press). Subsequently,
we designed a shoe to incorporate the essential "unloading"
characteristics of barefoot walking. Here, we test the hypothesis
that barefoot walking reduces knee loading in normal healthy
individuals as well as in OA, and thus that normal subjects will
exhibit significantly reduced knee loading when walking barefoot
and when walking with our "unloading" shoes compared to their
"usual" walking shoes.
Methods: Twenty-six normal subjects underwent gait analyses
of their dominant limb using an optoelectronic camera system
and a multi-component force plate. Subjects were evaluated for
gait while wearing their self-selected "usual" walking shoes. In
addition, all of the subjects underwent gait analyses while bare-
foot and 19 underwent analyses with the "unloading" shoes. In
each case, subjects were permitted to acclimate to the new con-
dition prior to gait testing. Subjects walked at their normal walk-
ing speed, and comparisons were performed on runs matched
for speed. The peak external knee adduction moment (%body
weight * height) was calculated at the knee and used as the pri-
mary endpoint. Paired t-tests were used to compare differences
in the moment during the different "footwear" conditions.
Results: 18 females and 8 males were evaluated, with mean age
(±SD) of 42±13 years. There were no significant differences in
speed during the three walking conditions. Overall, a significant
reduction in the peak external knee adduction moment was noted
during barefoot walking (2.0 ±0.7 vs 2.3±0.8, p=0.023) and while
walking with the "unloading" shoe (2.0±0.9 vs 2.3±0.8, p=0.009)
compared to "usual" walking shoes. These results corresponded
to a 13% reduction the peak external knee adduction moment
during the barefoot and "unloading" shoe conditions.
Conclusions: This study demonstrates that the reduction in
medial knee loading during barefoot walking that was previously
observed in knee OA patients is a general phenomenon that also
applies to normal individuals. Furthermore, a shoe designed to
incorporate the biomechanical advantages of barefoot walking
effectively reduces the dynamic knee loads in normal individuals
during gait relative to loading with usual footwear. In light of
these findings in normal individuals, closer examination of the
design and biomechanical effects of modern footwear on lower
extremity joint loading is warranted, both in healthy individuals
who may be at risk for OA as well as in those with established
OA.
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Purpose: The Glucosamine/chondroitin Arthritis Intervention
Trial (GAIT) was a double-blind, placebo-controlled, random-
ized, clinical trial comparing glucosamine (G), chondroitin sulfate
(CS), the combination of G and CS, and celecoxib (CE) to
placebo (PL). No treatment differences were observed among
the dietary supplements in the primary analysis. We report treat-
ment effects in a subgroup analysis of patients with potentially
milder disease.
Methods: GAIT patients were required to have clinical and ra-
diographic OA and a summed WOMAC Pain score of 125-400
